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parentally inherited allele with the other allele being
silenced. We are using a comparative sequence
approach to investigate the evolution of genomic
imprinting function and mechanism in the Dlk1/
Dio3 orthologous regions of two mammals. Bacterial
clone maps of this region in a marsupial, Macropus
eugenii (tammar wallaby), and a monotreme, Ornitho-
rhynchus anatinus (platypus), are being constructed
and sequenced. Dlk1/Dio3 is an ideal region in
which to study imprinting evolution as it contains
three paternally expressed genes – Dlk1, Dio3 and
Rtl1 – and is also rich in genomic features such as
differentially methylated regions (DMRs), large
non-coding RNAs, small functional non-coding
RNAs and antisense transcripts. Analysis of the
orthologous region in chicken identified Dlk1 and
Dio3 but none of the non-coding transcripts or
Rtl1, suggesting that these features may have been
co-opted into the region to help regulate imprinting.
This analysis will allow us not only to ascertain
the imprinting status of the genes in this region in
these mammals, but also to identify genomic features
which might correlate with imprinting control and
contribute to our understanding of the epigenetic
control of genome function. Furthermore, identifi-
cation of evolutionarily conserved regions from
chicken, platypus, marsupial, mouse and man should
provide insight into regulatory elements involved
in the control of these important development-
ally regulated genes regardless of their imprinting
status.
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Heterozygous mutations of the PAX9 gene have
been shown to cause oligodontia (lack of more
than six teeth) in humans. Haploinsufficiency of
PAX9 has been suggested as the underlying genetic
mechanism, but it is not known how this gene
dosage reduction affects tooth development. We
have generated a hypomorphic Pax9 mutant allele
(Pax9-neo) in mice which produces decreased levels
of Pax9 wild-type mRNA by alternative splicing.
Homozygous Pax9-neo mutants exhibit hypoplastic
or missing lower incisors and third molars, and
when combined with the Pax9 null allele (Pax9-lacZ),
the compound mutants consistently develop severe
forms of oligodontia. Furthermore, these mutants
show defects in enamel formation of the continuously
growing incisors, whereas molars exhibit increased
attrition and reparative dentin formation. Missing
molars are arrested at different developmental
stages and posterior molars are consistently arrested
at an earlier stage, suggesting that decreased Pax9
protein levels affect the dental field as a whole.
We conclude that Pax9 is required at multiple
stages of tooth development and suggest that vari-
ations in Pax9 expression levels were involved in
modulating dental patterns during mammalian
evolution.
This work was funded by the Wellcome Trust.
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The shift of the primary jaw joint in mammals from
the quadro-articular to the squamosal-dentary has
led to a change in the role of the dentary, which
now forms the mandible completely, from a simple
tooth-bearing membranous bone to an element of
increased complexity and patterning. This has in-
cluded the development of one articular process, the
condylar, flanked by two non-articular processes,
the angular and coronoid, each important as muscle
attachment sites. In addition, secondary cartilages
cap the condylar processes and, depending on the
species, one or both of the non-articular processes.
Mouse knockout studies indicate that the transform-
ing growth factor beta (Tgf-beta) superfamily of
secreted proteins is important in the patterning of
the mandible. Tgf-beta2 knockouts and Tgfbr2 wnt1/
cre knockouts have diminished proximal mandibles,
including a loss of the angular process, whilst preserv-
ing the secondary cartilage. We show that Tgf-beta2 is
expressed in the mesenchyme around the developing
articular region of the mandible, and especially in the
mesenchyme of the future angular process. A culture
system has been developed to investigate
the development of the dentary, enabling physical
manipulation, addition of growth factors in heparin
beads and the addition of inhibitors to the medium or
in beads.
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